Legumes, such as pigeon pea (Cajanus cajan), are a group of foods appreciated for their nutritional quality. The aim of this work was to standardize spreadable pigeon pea (Cajanus cajan) paste enriched with antioxidants (vitamins E and C). For this procedure, a physicochemical, bromatological characterization and sensorial analyses of raw, cooked seed and spreadable paste been done. The descriptive sensory evaluation revealed that the products appearance, aroma, taste and texture were acceptable. Based on the sensory evaluation, the bromatological characterization was performed on sample F1. The raw pigeon pea seed -RPPS presented a higher percentage of carbohydrate (73.53 ± 0.010%), protein (17.83 ± 0.60%) and ash (3.94 ± 0.11%), respectively, compared with the cooked seeds (65.57 ± 0.35% carbohydrate, 15.94 ± 0.08% protein, 2.56 ± 0.31% ash). Formulation F1 obtained the best scores for appearance (3.914 ± 0.285), taste (3.825 ± 0.170) and texture (4.192 ± 0.490). The spreadable pigeon pea paste should be considered a worthy product to be commercialized, based on its nutritional and sensorial quality.
Introduction
Pigeon pea (Cajanus cajan) is a grain legume crop of rain-field agriculture in the tropics and subtropics. Its fresh and dried beans are a coveted food, and their roots, leaves and flowers are used in India as medicines [1] . Pigeon pea seeds contain about 57.3-58.7% carbohydrate, 1.2-8.1% crude fiber and 0.6-3.8% lipid. They represent a good source of dietary minerals, such as calcium, phosphorus, magnesium, iron, sulfur and potassium.
Different products delivering essential nutrients to the body, foods fortified with vitamins could be used to meet daily nutritional requirements of healthy consumers. The incorporation of vitamins C and E in food systems as a functional ingredient is desirable yet challenging for various reasons. Vitamin E, or α-tocopherol (the most commonly used form), is the most potent antioxidant found in the cellular membrane capable of terminating the propagation of lipid peroxidation [2] . Vitamin E is a highly lipophilic compound and, as such, cannot be dispersed in aqueous-based food matrices [3] . Also, it is susceptible to oxidation and may, therefore, deteriorate during processing and storage [4] . Vitamin C (ascorbic acid) is responsible for quenching different types of radicals and can regenerate other antioxidants, such as vitamin E and glutathione [5] .
Considering that consumers base their food choices on the external aspects of the products, as well as on the nutritional and functional value, the best formulation of a spreadable product would be one that provides acceptable appearance and texture [6] but is also a source of antioxidants. Regarding color, a brilliant red is associated with "freshness" and "healthiness" as opposed to dark red, which may lead to rejection of the product. Antioxidants, such as tocotrienols and tocopherols, ascorbic acid, phenolic compounds and carotenoids, and antioxidant enzymes, including catalase, glutathione peroxidase and superoxide dismutase, are crucial in the maintenance of tissues and organs because of the ability to slow tissue damage by preventing the formation of free radicals [7] .
Thus, the aim of this study was to determine the chemical characteristics of raw pigeon pea seeds (RPPS) and the cooked seeds, respectively. As well, the physicochemical, bromatological and sensory properties of an SPPP incorporated with vitamins C and E were evaluated.
Material and methods

Materials
Pigeon pea was harvested in the municipality of Arjona, Department of Bolivar (Colombia) and was selected according to size, shape and color uniformity. Soy lecithin (emulsifier 322), ascorbic acid and α-tocopherol were purchased from Tecnas SA (Medellin, Colombia). Margarine, salt, sugar, sodium benzoate and spices, including garlic, pepper and oregano, were used for formulating the spreaChemical, physicochemical and sensory properties 1145 dable paste and obtained from a local commercial distributor. All other reagents were of analytical grade and used as received.
Standardization of spreadable paste
Eight types of SPPP were formulated with different concentrations of margarine, lecithin and antioxidants as the processing variables: percentage of margarine (10-20%, w/w), lecithin (0.5-1.0%, w/w), ascorbic acid (0.5-1.0%, w/w) and α-tocopherol (0.5-1.0%, w/w), and a constant amount of salt (1%, w/w), sugar (5%, w/w), sodium benzoate (0.5%, w/w) and spices, including garlic, pepper and oregano (0.5%, w/w), as shown in Table 1 . Pigeon pea seeds were washed (chlorinated solution at 100ppm) and soaked for 8 h. Afterward, the seeds were pasteurized by immersion in boiling water in a conventional pot at 95 °C for 50 min, to inactivate microorganisms and enzymes, and to facilitate the milling operation. The milling was done using an electrical mill (Cuisinart Prata Dbm-8, Stamford -United States), and the resultant powder was sieved to separate the epidermis. The pulp was mixed in a K45SS classic stand mixer (Kitchen Aid, Benton Harbor -United States) with the margarine, soy lecithin, ascorbic acid, α-tocopherol, salt, sugar, sodium benzoate, garlic, pepper and oregano. Next, the mixture was homogenized at 10000 rpm for 10 min using a rotor-stator UltraTurrax T-10 (Ika, Deutschland, Germany), obtaining a spreadable product with consistency viscosity. Finally, the paste was packed in hermetically sealed plastic containers and stored under refrigeration at 4 °C for 48 h, for further analysis. 
Physicochemical attributes and gross composition
The physicochemical and bromatological properties were determined according to procedures described by the Association of Official Analytical Chemists (AOAC) methods [8] . The pH was measured with a Thomson PHS-38W digital potentiometer.
1146
D. Machacon et al.
The acidity was established with a base and an alkaline titration with NaOH and expressed as a percentage of citric acid. Moisture, fat, ash, protein and carbohydrate contents were determined on raw and pasteurized samples of pigeon pea.
Sensory evaluation
Each SPPP formulation was subjected to sensory descriptive analysis, which provides valid and reliable information on the sensory characteristics of food products [9] . There were 60 members (60% female and 40% male) in the sensory evaluation session, ranging in age from 20 to 40 years. The test was carried out in the sensory evaluation laboratories of the University of Cartagena. Each member was presented with eight formulations, which contained approximately 10 g of each paste conditioned at room temperature for 15 min, before testing. Samples were placed in an individual plastic dish coded with a three-digit random number in a random order. The samples were presented in individual booths illuminated with white light under controlled humidity and temperature (23 °C). Participants were instructed to evaluate each snack individually and not for relative rating and to drink water between samples to cleanse the palate. The evaluation stage consisted of 8 sessions of 1 h each. The attributes of appearance, aroma, taste and texture were evaluated on a scale of 1-5 (like very much = 5, like slightly = 4, neutral = 3, dislike slightly = 2 and dislike very much = 1), as described in the technical guide GTC 165 [10] . The results were expressed as a percentage of the acceptability.
Statistical analysis
All measurements per batch were made in triplicate. One-way analysis of variance (ANOVA) using SPSS statistical software version 15.0. (SPSS Inc., Chicago, IL) was applied to determine significant differences (p < 0.05) in the parameters among the various formulations, with a subsequent comparison of the means by Tukey's test (p < 0.05).
Results and discussion
Physicochemical characterization of raw and cooked pigeon pea seed The physicochemical properties of RPPS presented a pH of 7.81 ± 0.09, titratable acidity of 0.120 ± 0.05 % and soluble solids of 5.11 ± 0.01 °Brix. Table 2 presents the average moisture, protein, ash, fat and carbohydrate values of both, the RPPS and cooked pigeon pea seeds. The RPPS contained a higher percentage of carbohydrate (73.53 ± 0.010%), protein (17.83 ± 0.60%) and ash (3.94 ± 0.11%), respectively, than the cooked seeds (65.57 ± 0.35% carbohydrate, 15.94 ± 0.08% protein, 2.56 ± 0.31% ash). These differences are associated with the cooking method conditions and the bioavailability and losses of the nutrients during the process. , respectively. The results showed the significant increase in the fat content of the elaborated paste (29.85 ± 0.02%) relative to pasteurized pigeon pea (4.18 ± 0.02%), due to the added margarine.
Standardization and physicochemical characterization of spreadable paste
The standardized SPPP was stable during the storage, showing no signs of phase separation. Although the spreadable paste had a darker brown appearance than those with lower antioxidant concentrations, its texture remained stable. The pH and acid data of the eight formulations (Table 3) , revealed a slightly acid product with a pH ≥ 5. Formulation F2 had the lowest pH (5.14 ± 0.01) and a high acidity (0.28 ± 0.42%). According to the measured composition of the formulations, F2 contained the highest content of pigeon pea (92%), ascorbic acid (1%) and α-tocopherol (1%). Barboza [16] developed cream with pigeon pea (C. cajan), oats and Lactobacillus reuteri, and recorded a pH of about 5.5, corroborating the current values. 
Sensory evaluation
The average acceptability of the evaluated attributes for the different formulations demonstrated that all the pastes had good taste attributes (Table 4) . Formulation F1 obtained the best scores for appearance (3.914 ± 0.285), taste (3.825 ± 0.170) and texture (4.192 ± 0.490). However, for the aroma parameter, this sample obtained an intermediate score relative to the other formulations. Very similar appearance results were obtained for all the samples, whereas, despite the similarities in the formulations, the taste parameter gave the most notorious differences. For the overall acceptability of the eight samples, in which scores for all attributes were given, 81.65% of consumers denoted high acceptability of the formulation with the highest level of margarine, lecithin and antioxidant compounds (F1) (Figure 1 ). 
Chemical characterization of SPPP sample F1
Based on the analyses, specifically, the sensory survey, which is an important indicator for the final standardization of a food product, sample F1 was chemically characterized. There was a decrease in pH (RPPS 7.81 ± 0.09 and SPPP 5.18 ± 0.01) and an increase in acidity, from 0.120 ± 0.05 to 0.26 ± 0.36%, associated with the addition of vitamins E and C. Vitamin E supplementation results in elevated concentrations of α-tocopherol in cell membranes, especially in the mitochondria and the microsomes, which have been shown to have a significantly low membrane susceptibility towards lipid oxidation [17] . The cooperative action of vitamins E and C in the protection against peroxidation of lipids in biological systems is abundantly documented [18] .
Sample F1 contained 56.56 ± 0.30% moisture, 12.01 ± 0.21% protein, 9.37 ± 5.32% ash, 29.85 ± 0.02% fat and 21.05 ± 0.30% carbohydrate ( Table 2) . Most vegetables are cooked before consumption, and there is emerging evidence that in vivo bioavailability of many bioactive compounds is enhanced as vegetables are cooked. The moisture content increases according to the raw material, whereas, in the cooking process, the physical and biochemical components of the food are modified. For instance, modifications in the proteins and starches, such as coagulation and gelatinization occur, which improves digestibility. In the current study, the ash percentage increased and the margarine added in the formulation to improve softness was responsible for the fat increase, while the carbohydrate percen-tage decreased. Besides enhancing the digestibility, cooking gives the final product more pleasant sensory characteristics, and it is microbiologically safer to eat because the cooking process leads to changes in the chemical composition and physical structure of foods [19] ; these changes depend on the cooking temperature, pressure and time.
The protein percentage was similar to that noted in a pasta paste based on wholegrain sorghum and millet of 10.54 ± 1.24% [20] . It has been demonstrated that cooking in water and steam has a significant effect on the content of toxins present in pigeon pea and on the quality of the protein. Cooking in water for 60 min is sufficient to destroy all the antinutrients of the legume, including the trypsin inhibitor. Steam scalding at a pressure of 15 lb and 121 °C achieves the same result, but the treatment is too drastic regarding protein quality.
Conclusions
The chemical characteristic of the cooked seed were maintained in comparison with the raw seed, although a slight decrease in the protein percentage occurred, due to the partial denaturation during the cooking process. The spreadable products obtained from pigeon pea (C. cajan) using soy lecithin as an emulsifying and stabilizing agent, with the addition of vitamins C (ascorbic acid) and E (-tocopherol) as natural antioxidants were stable with nutritional and sensory quality attributes. Sample F1 presented the best evaluation with respect the descriptive sensory revealed in the attributes to acceptance, appearance, aroma, taste and texture. This product will be an alternative for the exploitation of the raw material in the design and development of new food products with nutritional and sensory attributes to satisfy the needs of consumers in modern society.
